An enzymatic bridge between carbohydrate and amino acid metabolism: regulation of glutamate dehydrogenase by reversible phosphorylation in a severe hypoxia-tolerant crayfish.
Glutamate dehydrogenase (GDH) (EC 1.4.1.3) is a crucial enzyme involved in bridging two metabolic pathways, gating the use of glutamate for either amino acid metabolism, or carbohydrate metabolism. The present study investigated GDH from tail muscle of the freshwater crayfish Orconectes virilis exploring changes to kinetic properties, phosphorylation levels and structural stability between two forms of the enzyme (aerobic control and 20-h severe hypoxic). Evidence indicated that GDH was converted to a high phosphate form under oxygen limitation. ProQ Diamond phosphoprotein staining showed a 42% higher bound phosphate content on GDH from muscle of severely hypoxic crayfish compared with the aerobic form, and treatment of this GDH with commercial phosphatase (alkaline phosphatase), and treatments that stimulated the activities of different endogenous protein phosphatases (stimulating PP1 + PP2A, PP2B, and PP2C) yielded significant increases in the fold activation by ADP of GDH from both control and severe hypoxic conditions. By contrast, stimulation of the activities of endogenous protein kinases (AMPK, PKA or CaMK) significantly reduced the ADP fold activation from control animals. The physiological consequence of severe hypoxia-induced GDH phosphorylation may be to suppress GDH activity under low oxygen, shutting off this critical bridge point between two metabolic pathways.